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© Containment cuvette for PCR and method of use. 



© There are disclosed a cuvette (10, 100, 100C, 
100D, 100E) and a method of use which prevent 
nucleic acid amplified by PCR technology from be- 
ing released to the atmosphere, while still proceed- 
ing to a detection step to determine whether or not 
the nucleic acid is present. Detection reagents are 
Neither pre-incorporated into compartments (30, 30A, 
<30B, 32, 32A, 32B, 34, 34A, 34B, 36, 36A, 36B, 38, 
^38^ 38B, 40, 40A, 40B) and (132, 132A, 132B, 
0132C, 132D, 132E, 134, 134A, 134B, 134C, 134D, 
U>134E, 136, 136A, 136B, 136C, 136D, 136E, 138, 
V-138A, 138B, 138C, 138D, 138E, 139, 139A, 139B, 
C0139C, 139D, 139E) in the cuvette or added after 
w amplification. In the latter case, a check valve pre- 
©vents amplified nucleic acid from being released. 
^Transfer of liquids between compartments is 
yj achieved via the use of flexible compartment walls 
and an external pressure source (60), or via pistons 
(113, 113C, 113D, 115, 115C, 115D, 184, 184C, 



184E, 260) that are part of the cuvette and operate 
on the compartments as a piston within a piston 
chamber. 
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CONTAINMENT CUVETTE FOR PCR AND METHOD OF USE 



This invention relates to cuvettes in which reac- 
tions are undertaken to amplify and detect nucleic 
acids, using polymerase chain reaction technology, 
without exposing the environment to amplified nu- 
cleic acid. 

Polymerase chain reaction (PCR) technology 
permits nucleic acid material, such as DNA, often 
extracted from as little as a single cell, to be 
amplified to hundreds of millions of copies. This is 
important since prior to PCR technology it was 
virtually impossible to detect a single DNA strand. 
However, when a single DNA strand, such as the 
DNA of the human immunodeficiency virus (HIV, 
otherwise known to cause AIDS), is added to am- 
plifying reagents which will amplify the chosen 
DNA, hundreds of millions of copies of that DNA 
can be obtained in a relatively short time. Technol- 
ogy further allows for the detection of the amplified 
nucleic acid material (DNA for example), using 
probes which hybridize to the amplified material of 
choice, such probes in turn either being immo- 
bilized or immobilizable to a solid support, such as 
a filter membrane, and/or being labeled for detec- 
tion using enzymes or other moieties. 

Conventionally, this has been done by am- 
plifying the nucleic acid material in a stoppered 
plastic container until the desired number of copies 
have been formed. Then, the container is re- 
opened, for example by unstoppering, and either 
the amplified copies are withdrawn and transferred 
to detection apparatus, or detecting reagents can 
be added to the container used for the amplifica- 
tion, so that detection is carried out in the same 
container. 

It has been discovered that such a technique is 
unsatisfactory for convenient and widespread use 
of PCR technology, because aerosols are produced 
in the act of unstoppering the container and/or 
during transfer of fluids. Such aerosols contain a 
few molecules of the amplified nucleic acid ma- 
terial, e.g. DNA, become dispersed within the envi- 
ronment. Normally, such few molecules in the envi- 
ronment are not of great concern. However, only 
one DNA molecule is needed to contaminate other 
amplifying containers, which are as yet, unused. In 
particular, if an errant DNA molecule floats into or 
is carried, inadvertently, by an operator to another 
unused amplifying container, that one molecule is 
all that is needed to provide the DNA needed for 
the next amplification. Needless to say, if the point 
of the next test is to see if a particular DNA is 
present (e.g. for HIV), and it is detected only be- 
cause of the errant DNA and not that of the patient, 
the test is ruined. Thus, the very power of DNA 
amplification becomes the source of potential ruin 



of the tests. As a matter of fact, an entire lab has 
been proven to be contaminated by the unstop- 
pering of just a few containers in which the sample 
has already been amplified. Although such a prob- 

5 lem might be avoidable by using highly skilled and 
trained personnel who painstakingly minimize the 
aerosols produced, the need for such labor makes 
the technology impractical for general use. 

Thus, it has been a problem prior to this inven- 

w tion to provide apparatus and a method for am- 
plifying and detecting nucleic acid material, without 
contaminating the surrounding environment. 

Furthermore, efficient thermal transfer is re- 
quired between sample and a heat source so that 

75 incubation of the sample can be achieved and so 
produce the desired amplification. 

A further problem has been in automating the 
detection steps, and therefore minimizing the need 
for operator intervention. The need to transfer am- 

20 plified nucleic acid material or to add detection 
reagents makes such automation difficult. 

It is therefore an object of the present invention 
to overcome the problems mentioned above by 
providing apparatus and method for producing am- 

25 plification and detection of nucleic acid material. 
The invention is based upon the realization that the 
contamination can be prevented by confining the 
amplifying reagents and amplified nucleic acid in 
the cuvette so that it is impossible for any am- 

30 plified nucleic acid molecules to escape. 

According to one aspect of the present inven- 
tion, there is provided a disposable cuvette for 
carrying out amplification and detection of nucleic 
acid material comprising: 

35 a first compartment; 

a plurality of further compartments, at least one of 
the further compartments containing material to 
amplify and detect nucleic acid material; 
fluid connection means for connecting at least one 

40 of the further compartments with the first compart- 
ment so that the material retained in the at least 
one further compartment is transferable to the first 
compartment when pressure is applied to the ma- 
terial retained in that compartment; 

45 a detection site for immobilizing the nucleic acid 
material for detection after amplification; and 
thermal transfer means for allowing active or pas- 
sive cycling of material in the cuvette; 
characterized in that the first compartment and the 

so detection site are closed to fluid flow to locations 
outside of the cuvette so that aerosols are not 
emitted during amplification and detection. 

By this arrangement, detection of amplified nu- 
cleic acid material occurs without contamination of 
other containers or apparatus by the amplified nu- 
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cleic acid material. 

According to a second aspect of the present 
invention, there is provided apparatus for am- 
plifying and detecting DNA, comprising 
a cuvette containing i) a plurality of compartments 
and means for interconnecting each of them to at 
least one other compartment, the compartments 
including a) at least one reaction compartment for 
amplifying DNA strands, b) at least one detection 
compartment for detecting amplified DNA and in- 
cluding a detection site, and c) means for de- 
livering a detection material to amplified DNA 
strands; 

ii) means for permitting active or passive cycling of 
the contents of the reaction compartment through a 
temperature range of from about 30 °C to about 
95* C; and 

iii) liquid access means connected only to the at 
least one reaction compartment for allowing the 
injection into the reaction compartment of a sample 
DNA for amplifying; 

characterized in that the cuvette further includes 

iv) means for sealing the cuvette against passage 
of DNA after sample DNA is injected; 

and the apparatus further includes means for mov- 
ing at least the detection material and a DNA 
strand into the detection compartment and onto the 
detection site; 

so that once a DNA sample is injected into the 
compartments and the access aperture is closed, 
the fluid contents of the compartments are con- 
tained against contact by the operator and environ- 
ment during the entire amplification and detection 
reaction. 

According to a third aspect of the present 
invention, there is provided a method for amplifying 
and detecting nucleic acid material in a closed 
cuvette comprising the steps of 

a) injecting a sample of nucleic acid material 
into a cuvette which comprises a plurality of com- 
partments including a reaction compartment 
wherein amplifying reagents are present, and a 
storage compartment for use with a detection ma- 
terial, at least one of the compartments including a 
detection site, and means for interconnecting the 
compartments to provide fluid transfer; 

b) closing off permanently the portions of the 
cuvette containing the nucleic acid material to lock 
all nucleic acid into the cuvette; 

c) amplifying the nucleic acid material by 
cycling the cuvette through temperature changes 
preselected to cause the reagents to be effective; 

d) fluidly transferring amplified nucleic acid 
material from the reaction compartment to the de- 
tection site; 

e) fluidly transferring detection material to 
the detection site; and 

f) detecting the amplified nucleic acid ma- 



terial at the detection site with the detection ma- 
terial, the nucleic acid material remaining confined 
within the cuvette. 

It is an advantageous feature of the invention 

5 that a cuvette is provided for amplifying nucleic 
acids which avoids the risk of contaminating the 
environment with amplified nucleic acid since it 
avoids reopening the area of the cuvette containing 
such nucleic acid. 

7 0 it is a related advantageous feature of the 

invention that a cuvette is provided which can be 
used for such amplification by relatively unskilled 
labor. 

It is another advantageous feature of the inven- 
15 tion that such a cuvette is provided which is ame- 
nable to automated processing. 

For a better understanding of the present in- 
vention, reference will now be made, by way of 
example only, to the accompanying drawings in 
20 which:- 

Figure 1 is a plan view of a cuvette con- 
structed in accordance with one embodiment of the 
present invention; 

Figure 2 is a sectioned view taken generally 
25 along the line ll-ll of Figure 1; 

Figure 3 is a sectioned view taken generally 
along the line of Ill-Ill of Figure 1; 

Figure 4 is a fragmentary sectioned view 
taken along the line of IV-IV of Figure 1 . but without 
30 the pipette; 

Figure 5 is an enlarged, fragmentary sec- 
tioned view taken along the line V-V of Figure 1; 

Figure 6 is a fragmentary plan view of a 
cuvette constructed in accordance with a second 
35 embodiment of the present invention; 

Figure 7 is a plan view of a cuvette con- 
structed in accordance with a third embodiment of 
the present invention; 

Figure 8 is a sectioned view taken along the 
40 line VIII-VIII of Figure 7; 

Figure 9 is a partially sectioned plan view of 
a cuvette constructed in accordance with a fourth 
embodiment of the present invention, the sectioned 
plane being generally taken along the line IX-IX of 
45 Figure 1 1 ; 

Figures 10, 11, and 12 are sectioned views 
taken generally along the lines X-X, XI-XI, XII-XII, 
respectively, of Figure 9; 

Figure 13 is a partially sectioned plan view 
50 of a cuvette constructed in accordance with a fifth 
embodiment of the present invention; 

Figures 14 and 15 are fragmentary plan 
views partially in sectioned, of cuvettes constructed 
in accordance with two further embodiments of the 
55 present invention; 

Figure 16 is a sectioned view taken gen- 
erally along the line XVI-XVI of Figure 15; 

Figure 17 is a fragmentary plan view partially 
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in sectioned, of a cuvette constructed in accor- 
dance with another embodiment of the present 
invention; 

Figure 18 is a sectioned view taken gen- 
erally along the line XVIII-XVIII of Figure 17; and 

Figure 19 is a sectioned view of a compart- 
ment of a cuvette constructed in accordance the 
present invention. 

The invention is hereinafter described primarily 
with respect to the use of PCR technology to 
amplify and detect DNA, using particular preferred 
cuvette configurations. In addition, it is useful with 
any method of nucleic acid amplification, to amplify 
nucleic acid from any source, in any cuvette, so 
long as the apparatus and method prevent am- 
plified nucleic acid from exiting the cuvette in any 
form. The nucleic acid can be obtained, for exam- 
ple, from plasmids or cloned DNA or RNA, or from 
natural DNA or RNA from any source, including 
bacteria, yeast, viruses, cells infected by viruses or 
bacteria, plants or animals. DNA or RNA may be 
extracted from blood or tissue materials. Another 
method of amplification called transcription-based 
amplification, which is different from PCR, can also 
benefit from the containment cuvette provided ac- 
cording to the present invention. Transcription- 
based amplification is described in Proc. Natl. 
Acad. Sci. USA, Volume 86, page 1173-1177, Feb- 
ruary, 1989 (Biochemistry). 

Nucleic acid amplification generally proceeds 
via a particular protocol. One useful protocol is that 
set forth in US Patent Specification US-A-4683195. 
Briefly, that protocol features, in the case of DNA 
amplification, the steps of: 

1) Obtaining a sample suspected of contain- 
ing at least one specific nucleic acid sequence of 
interest; 

2) Denaturing the ample to separate the 
strands; 

3) Contacting the sample with primers, an 
extension enzyme such as polymerase and other 
amplification components useful to replicate the 
nucleic acid; 

4) Repeating steps 2) and 3) as many times 
as necessary; and 

5) Detecting the amplified DNA. 

A preferred protocol within this class is as 
follows: 

1) A complete DNA double helix is optionally 
chemically excised, using an appropriate restriction 
enzyme(s), to isolate the region of interest. 

2) A solution of the isolated nucleic acid 
portion (here, DNA) and nucleotides is heated to 
and maintained at between 92° and 95° C for a 
length of time, e.g. no more than about 10 minutes, 
to denature the two nucleic acid strands; i.e. cause 
them to unwind and separate and form a template. 

3) The solution is then cooled through a 



30° C to 60° C zone, to cause a primer to anneal or 
"attach" to each of the two template strands. To 
make sure this happens, the solution is held at an 
appropriate temperature, such as about 55 °C for 
5 about 15s, in an "incubation" zone. 

4) The solution is then heated to and held at 
about 70 * C, to cause an extension enzyme, prefer- 
ably a thermostable polymerase enzyme, to extend 
the primers bound to the template strands by using 

w the deoxyribonucleotides which are present. 

5) The completed new pair of strands is 
heated again to between 92° and 95 °C, for about 
10 to 15s, to cause this pair to separate. 

6) Steps 3) to 5) are then repeated a number 
75 of times until the appropriate number of strands are 

obtained. The more repetitions, the greater the 
number of multiples of the nucleic acid (here, DNA) 
which is produced. Preferably the desired con- 
centration of nucleic acid is reached in a minimum 

20 amount of time, wherein each cycle takes less than 
one minute. However, as much as five minutes can 
be used for one cycle. 

As used herein, the term "primer" refers to an 
oligonucleotide, whether naturally occurring or syn- 

25 thetically produced, which is capable of acting as a 
point of initiation of synthesis when placed under 
conditions in which synthesis of a primer extension 
product complementary to a nucleic acid strand is 
induced. Such conditions include the presence of 

30 nucleotides (such as the four standard deox- 
yribonucleotide triphosphates) and an agent for 
polymerization such as a DNA polymerase, and 
suitable temperature and pH. Generally, each prim- 
er used in this invention will have from 15 to 40 

35 nucleotides, and preferably, it has from 20 to 25 
nucleotides. 

All of this is preferably done in a cuvette, using 
a cycling of temperature between about 30 °C and 
about 95 * C. The cuvette of the present invention 

40 provides a practical approach to allowing PCR 
technology to be practiced routinely by technicians 
and those of lesser skills, in an accurate fashion. 
For a complete understanding of the invention, 
further details of the PCR technology as it is prac- 

45 ticed with this invention will be enumerated first. 

Any DNA can be selectively replicated hun- 
dreds of millions of times. Selection of the appro- 
priate primer nucleic acid strands insures that, un- 
der the best conditions, primarily the DNA of 

so choice will replicate. Preferably, all primers are 
biotinylated when incorporated into the cuvette, to 
allow detection to proceed as described later. Heat- 
ing of the target DNA now attached to a primer in 
the presence of an extension enzyme, produces a 

55 double strand which includes a copy of the DNA of 
choice. The new pair so formed is then separated 
by very short periods of high temperature denatur- 
ing, and the process repeated. This is all done in 
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one reaction compartment by insuring that the 
primers, deoxyribonucleotides and extension en- 
zymes are present when the sample is added, 
either as pre-incorporated reagents or reagents 
which are added with the DNA. If pre-incorporated, 
the reagents can be applied by spraying and dry- 
ing, and can include a polymerase, salts, buffers, 
stabilizers, and the nucleotides needed for replica- 
tion. 

The polymerase enzyme is useful regardless of 
its source. Preferably, it is the polymerase naturally 
produced from Thermus aquaticus, hereinafter 
"TAQ", or any synthetic equivalent such as that 
which is genetically engineered, as described, for 
example, in published European patent application 
EP-A-0258017. 

The presence of the enzymes emphasizes the 
need for rapid thermal cycling and short residence 
times at high temperatures. The denaturing tem- 
perature of between 92° and 95* C is close to the 
deactivation temperature of the enzymes, thus ren- 
dering unsatisfactory long heating periods. 

Thereafter, the replicated DNA is identified, 
preferably by moving it to a detection compart- 
ment, to which suitable detection material is added 
or contained therein. In the prior art methods, such 
"movement" of the replicated DNA, and/or the ad- 
dition of the reagents such as detection probes, 
has necessitated the reopening of the reaction 
compartment containing the DNA, creating the 
aerosol problem noted above. The detection in- 
volves the use of conventional materials capable of 
bonding via a complementary sequence of 
nucleotides to a replicated DNA strand. Such ma- 
terials also include appropriate means which can 
be used to trap and hold the DNA at a detection 
site, such as in a detection compartment. Prefer- 
ably, such appropriate means feature a membrane 
and/or a bead which is trapped. 

Detection requires generally an immobilizing 
material and a signal generating material. Prefer- 
ably, a primer used to replicate the DNA is alreayd 
biotinylated, so as to react with avidin which is 
attached to either the immobilizing materia! or the 
signal-generating material. If the avidin is attached 
to the immobilizing material (such as a bead), 
hereinafter, the "avidin-bead capture" method, then 
a detection probe is used with a nucleotide se- 
quence which hybridizes with replicated primer and 
which either itself generates a signal (for example, 
by being radioactive), or reacts with a reagent 
which produces a signal. For example, the detec- 
tion probe can be attached to any appropriate 
signal-generating moiety, preferably enzymes, for 
example, horseradish peroxidase, capable of reac- 
ting with a leuco dye to produce a detectable 
signal (e.g. a color change). The technology for 
attaching a signal generating moiety or an im- 



mobolizing material to a probe at the 3 or 5 end 
is known. For example in "Efficient Methods for 
Attachment of Thiol Specific Probes to the 3 End 
of Synthetic Oligodeoxyribonucleotides", Vol. 15 of 

s Nucleic Acids Research, p. 5303 (1987), the tech- 
niques useful for the 3' end attachment are dis- 
cussed. The articles discussing 5 end attachment 
are legion, for which the following is only repre- 
sentative: "Introduction of 5' Terminal Functional 

10 Groups. . . .", Vol. 164 of Analytical Biochemistry, 
p. 336 (1987). It will be readily apparent that either 
the 3' or the 5' end can be used to attach the 
signal-generating moiety on the immobilizing ma- 
terial. 

75 Thus, as used herein the term "probe" refers 

to an oligonucleotide naturally occurring or syn- 
thetically produced, which does not act like a prim- 
er, but which is designed to be substantially com- 
plementary to one or more sequences of a nucleic 

20 acid so as to form a hybridized product. Further, a 
probe is generally designed for either "capture" or 
"detection" of the resulting hybridized product. 

Alternatively, the detection probe and the im- 
mobilizing probe can be one and the same, at- 

25 tached at, say, just the 5' end, using the tech- 
niques taught in the aforesaid Analytical Biochem- 
istry article. 

As noted above, the avidin can be attached to 
the signal-generating material, such as horseradish 

30 peroxidase, hereinafter the "oligo capture" method. 
In such a case, the immobilizing of the DNA is 
preferably achieved by an immobilizing probe, 
which is a nucleotide sequence which hybridizes 
with the replicated biotinylated primer, such se- 

35 quence being attached to a polymer bead. 

Thus, as used herein, "detection material" in- 
cludes a probe on the replicated, biotinylated prim- 
er, which either itself generates a detectable signal 
or reacts with a reagent to produce a detectable 

40 signal. In the latter case, the detection material also 
includes such reagent. 

The cuvette containing all detection materials, 
as well as the amplified DNA, can be agitated or 
shaken to promote mixing, and annealing of probes 

45 to the targeted DNA is achieved by conventional 
temperature cycling. 

The hybridizing of the probes to the DNA can 
be done prior to or after transfer, if any, to the 
detection site. 

50 Thereafter, all liquid is drawn off from the de- 

tection site. At this point, some of the detection 
materia! either is part of a replicated DNA strand or 
is hybridized to the DNA strand, and the DNA is 
captured by the surface of the membrane. Any 

55 DNA strand lacking the means for immobilizing it 
passes beyond the membrane. 

The final step is to inject into the detection 
compartment a liquid containing a leuco dye or 
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some other dye precursor capable of reacting with 
the detection material projecting from the DNA 
strands captured on the membrane. Useful leuco 
dyes include those disclosed in US Patent Speci- 
fication US-A-4089747, preferably in combination 
with a solubilizing polymer such as polyvinyl pyr- 
rolidone). A preferred example of the dye is 2-(4- 
hydroxy- 3,5-dimethoxyphenyl )-4,5-bis(4-methox- 
yphenyl)imidazole, since this gives about 1000 dye 
molecules per 1 molecule of horseradish perox- 
idase. 

As noted, the DNA can attach to or be 
hybridized to a probe on a bead. The beads are 
selected to be trapped by the detection membrane. 
Useful material for such beads includes any poly- 
mer which has useful reactive groups for bonding 
to either avidin or to a probe which will hybridize to 
the DNA. Conventional covaient attachments of 
avidin via active halogen atoms, 2-substituted ac- 
tivated ethylsulfonyl, or vinylsulfonyl groups on 
such polymers are known. Thus, copolymers of m 
and p-2(2-chloroethylsulfonylmethyi)styrene are 
useful, for example, for such beads. 

There are two key aspects of this invention 
which make the aforedescribed procedure prac- 
tical. The first is to use an efficient thermal transfer 
so that the contents of the reaction compartment 
are quickly heated and then quickly cooled. Means 
permitting either active or passive heating and 
cooling are useful, providing active or passive cy- 
cling. In particular, a Peltier device can be mounted 
in the reaction compartment to provide a heat 
transfer wall bordering the compartment. Prefer- 
ably, however, the heat transfer is achieved by 
passive means, wherein the heat transfer material 
is a major wall surface of the reaction compart- 
ment. The heat source or heat sink is then supplied 
from an exterior source, most preferably on both 
sides of the cuvette. 

The second key aspect is to construct the 
cuvette compartments to prevent amplified nucleic 
acid from escaping, namely, the compartments 
must be sealed against leakage to the environment 
once amplification occurs. A preferred construction 
is one in which the compartments have pre-incor- 
porated all reagents before DNA is introduced, and 
locking means are used to lock the cuvette against 
leakage after DNA introduction. In such embodi- 
ments, means are provided for bringing about liq- 
uid communication between compartments within 
the closed cuvette, preferably using applied pres- 
sure, to obtain the necessary reactions. 

A preferred thermal transfer mechanism will 
now be described. This mechanism transfers heat 
and/or cools a sample containing a nucleic acid 
material, such as DNA, to produce the amplification 
required for detection of that particular nucleic acid 
material. The material of the transfer wall is se- 



lected to provide a predetermined thermal path 
length and thermal resistance which will provide a 
high rate of thermal energy transfer. Most prefer- 
ably, such path length is no greater than about 

5 0.3mm, and the thermal resistance for a cross- 
sectional area of 1cm 2 is no greater than about 
5.0°CA/V. These properties are readily achieved by 
constructing the thermal transfer wall out of a plas- 
tic, or a laminate of plastic and metal, e.g. alumin- 

w ium, which is about 0.05mm thick. The aluminium 
has a thermal resistance R, calculated as follows 
R = x'(K'A) 

where x is the thickness of the aluminium, 
K is the conductivity, and 

75 A is the surface area. 

The value of R is about 0.003° CA/V. (This value 
can be compared with that for ordinary glass of the 
same thickness, glass having a thermal resistance 
of about 0.24° C/W.) The plastic, which is prefer- 

20 ably a heat-sealable coated polyester such as poly- 
ethylene terephthalate) coated on one or both 
sides with medium density polyethylene, has a 
thermal resistance of 1.06° C/W for a preferred 
thickness of about 0.005cm. 

25 The thermal transfer wall can be secured to 
any of the other cuvette walls by any suitable 
means. One such means is a layer of a priming 
adhesive, which comprises, for example, a conven- 
tional high temperature acrylic adhesive, followed 

30 by a layer of conventional polyester adhesive. 
These adhesive layers can extend over the surface 
area of the thermal transfer wall, as such exten- 
sions can prevent the aluminium, if used, from 
interfering with reactions occurring within the cuv- 

35 ette. Alternatively, a plastic layer can cover the 
aluminium. 

A cuvette constructed with such a thermal 
transfer wall has been found to produce a thermal 
time constant, r, for a volume of liquid of about 

40 200ul, which is no greater than about 10s. Most 
preferred are those values for which T is of the 
order of 3 to 8s. For example, when such a cuv- 
ette, filled with water, is heated along the exterior 
of the thermal transfer wall, and its temperature is 

45 measured at point inside the reaction compartment 
on the other side of that wall, a thermal response 
curve can be generated from 28 ° C to a final tem- 
perature of 103.9° C. The time taken for the liquid 
therein to reach a temperature of 76 °C (that is, 

so 63% of the difference between the final and initial 
temperatures (103.9 - 28)) is the value of t. This 
derives (approximately) from the well-known ther- 
mal response equation: 
T(t) = T f + (T, - T f ). e* t/T (1) 

55 where T(t) is the temperature at time t, and 

T f and T, are the final and initial temperatures 
respectively. 

Thus, if the time interval, t, in question equals 
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r, then e" t/T = e~ 1 = 0.37. In such a case, T(t) (at t 
= t) is the temperature which is equal to the sum 
of the initial temperature, T if plus 63% of (T f - T;). 
From such values, t for the liquid in the cuvette 
turns out to be about 3.5s. For the preferred con- 
figurations, using an intervening layer between the 
aluminium and the liquid in the reaction compart- 
ment, t, the thermal time constant, is still no great- 
er than about 10s when the liquid in the cuvette is 
water. 

Alternatively, the heat source can be a de- 
focused laser. The use of just a clear polyester 
layer as the thermal transfer wall is preferred in 
such a case, and a dye is incorporated into the 
reaction compartment, having an absorption 
wavelength appropriate to the laser. 

As mentioned previously, one problem which is 
overcome by the present invention, is contamina- 
tion of the environment due to the aerosol effect of 
opening or de-stoppering a cuvette in which am- 
plification has taken place. In order to avoid con- 
tamination of the environment, the amplified DNA 
must be locked within the cuvette. This means that 
reagent needed for amplifications, that is, the prim- 
er strands, deoxyribonucleotides and the extension 
enzymes, are either pre-incorporated into the cuv- 
ette prior to addition of the sample of nucleic acid 
material, or they are added with the sample. Most 
preferably, the detection material is pre-incorpo- 
rated prior to addition of the sample, so that after 
sample addition and prior to amplification, the cuv- 
ette is locked shut against leakage, there being no 
further access required. Alternatively, however, the 
cuvette can be constructed to allow the detection 
material to be added to storage compartments post 
amplification, subject to these provisions: 

1) the storage compartment(s) to which they 
are added must be separate from the reaction 
compartment used for amplification, and 

2) there must be provided means such as 
one-way check valves which allow such storage 
compartments to feed reagent to the amplified nu- 
cleic acid, but not amplified nucleic acid to the 
storage compartments. 

In order to achieve this, the cuvette is provided 
with means for providing communication between 
the storage compartments and the detection com- 
partment. In one embodiment, such communica- 
tions means include means such as pressurizing 
members for moving the reagents from the storage 
compartment to the detection site, for example, a 
separate detection compartment. Alternatively, and 
most preferably, the pressurizing means are ex- 
terior to the cuvette, and the walls of the cuvette 
are flexible enough to transmit pressure from the 
exterior to the interior, thus pressurizing and mov- 
ing the reagents within the cuvette. Any external 
pressure source can be used, e.g. a pressure roller 



or a piston from an air cylinder. 

Figures 1 to 5 illustrate one embodiment of a 
cuvette 10. The cuvette 10 has flexible compart- 
ments which can cooperate with external pressuriz- 

5 ing means 60, to provide the total apparatus of the 
present invention. More particularly, the cuvette 
comprises two relatively thin sheets 12, 14 which 
are formed by molding them with pockets or com- 
partments 26, 30, 32, 34, 36, 38, 40, 42, and 

to connecting passageways 44, 48, 50, 52, 54 which 
protrude from the plane in which the sheets 1 2, 1 4 
contact one another (see Figure 2). The sheets 12, 
14 are secured together at least along their outer 
periphery 16, and preferably at all points surround- 

75 ing compartments or passageways, such as by 
heat- and/or ultrasonic pressure-sealing. A heat- 
activatable adhesive such as ethylene vinyl acetate 
is useful for such joining operation. 

A liquid injection aperture 22 is the exception 

20 to the sealed periphery 16, for use with a mating 
pipette 24. Such aperture 22 optionally includes a 
rigid rim 23 extending into it within which a pipette 
24 seats as is shown in Figure 4. 

Compartment 26 is a reaction compartment in 

25 which amplifying reagents 28 in liquid or dried form 
may optionally be pre-incorporated as shown in 
Figure 2. 

Compartment 30 is a storage compartment for 
a first wash of the process and contains wash water 

30 as a pre-incorporated reagent. 

Compartment 32 is another storage compart- 
ment and contains at least one of the detection 
materials pre-incorporated therein, namely a 
biotinylated probe having at one end a complemen- 

35 tary nucleotide for attachment to the amplified 
DNA. Preferably a signal generating moiety, for 
example, avidin bound to the horseradish perox- 
idase as discussed above is also pre-incorporated 
into storage compartment 32. 

40 Compartment 34 is a storage compartment for 

a second wash. Preferably, this compartment has a 
much larger volume than that of compartment 32. 

Compartment 36 has the remaining detection 
reagents pre-incorporated therein. These are a per- 

45 oxide and a leuco dye, for example 2-(4-hydroxy- 
3,5-dimethoxyphenyl)-4,5-bis(4-methoxyphenyl)- 
imidazole, preferably in combination with poly(viny 
pyrrolidone) as a stabilizer. 

Compartment 38 has a stop solution pre-incor- 

50 porated therein which prevent too much leuco dye 
from converting to the dye. This stop solution may 
be, for example, a solution of sodium azide. 

Compartment 40 is the detection site for the 
cuvette of this embodiment, and will be described 

55 later. Compartment 42 is the waste compartment, 
which is, preferably initially deflated to provide for 
expansion as liquid is forced into it. Compartment 
26 connects to compartment 40 via passageway 
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44. Optionally, a one-way check valve (not shown) 
can be included in passageway 44 to prevent 
waste liquid from backwashing into compartment 
40, thus creating undesirable background color. 

Passageway 21 connects injection aperture 22 
with reaction compartment 26, and passageway 44 
connects reaction compartment 26 with detection 
compartment 40, except that a temporary seal is 
provided at 46 to keep introduced DNA in compart- 
ment 26 until pressure is generated by roller 60. 
Compartment 30, compartment 32, compartment 
34, compartment 36, and compartment 38 are all 
connected with detection compartment 40 by 
means of respective passageways 48, 49, 50, 52, 
and 54. Each compartment is preferably provided 
with a temporary seal 56 for interrupting flow out of 
the respective compartment until roller 60 breaks 
the seal. The position of the seal 56 is is shown in 
Figure 2. Passageway 54 serves as the trunk line 
to which the other passageways 48, 49, 50 and 52 
are joined. 

The compartments are deliberately positioned, 
as shown in Figure 1 , so that each one will empty 
into compartment 40 in the proper sequence as 
roller 60 advances along path A in the direction of 
arrows 'X'. The sequence is as follows: 

(1) the amplified DNA (from compartment 
26) is pushed into compartment 40; 

(2) the first wash (from compartment 30); 

(3) the detection probe from compartment 

32; 

(4) the second wash (from compartment 34); 

(5) the leuco dye solution (from compart- 
ment 36); and 

(6) the stop solution (from compartment 38). 
In some cases, the development of the dye 

from the leuco dye needs to be carried out in the 
dark, for example, if the dye fades readily in light. 

The respective passageways are also prefer- 
ably constructed so as to be squeezed by the 
roller, in particular, they are constructed to always 
form an angle to arrows 62 that is less than a right 
angle, within path A of roller 60. If they were to 
form a right angle, the roller would tend to jump 
over the passageway, rather than squeeze it. 

It is not essential that both sheets 12 and 14 
be collapsible by roller 60. Only one of the sheets 
12, 14 needs to be collapsible, for example, under 
a pressure of at least 170g/cm. Pressures as high 
as 1500g/cm are also useful. Therefore, sheet 12 
can comprise a collapsible, relatively flexible plas- 
tic such as a heat-sealable polyester, for example 
ScotchpakTM brand heat-sealable film no.229 made 
by 3M, whereas sheet 14 can be less flexible and 
less collapsible, or it can be of the same flexibility 
as sheet 12. 

Sheet 14 may comprise a laminate at least for 
compartment 26. The laminate comprises an alu- 



minium foil 64 on the outside, and a polymer layer 
66 on the inside, as shown in Figure 5. Preferably 
the polymer layer 66 is a layer of polyester, similar 
to sheet 12. 

5 The aluminium foil preferably has a thickness 

of between about 0.0013cm and about 0.026cm, 
and most preferably about 0.005cm. Layer 66 has 
a thickness of between about 0.0013cm and about 
0.03cm, and most preferably about 0.005cm. Even 

w with layer 66 present, the thermal path length of 
compartment 26 is no more than about 0.3mm and 
the thermal resistance does not exceed about 
5.0°C/watt 

The advantage of the laminate construction 
rs over a single sheet of plastic is that, once the 
compartment is crushed by the roller, the alumin- 
ium resists reinflation such as could allow back- 
washing to occur from liquids under pressure 
downstream. For this reason, sheet 14 preferably 
20 constructed as a laminate for the entire length of 
cuvette 10. 

It is preferred that a liquid, when ejected from 
its compartment, will not backwash up to the pas- 
sageway used to empty another compartment that 

25 is further downstream. To this end, as roller 60 
advances from left to right, as shown in Figure 1 , 
pinching means can be used to pinch off the pas- 
sageways as follows: 

As roller 60 moves across compartment 26, 

30 pinching is done at point Pi. As it moves across 
compartment 30, pinching occurs at point P2, and 
likewise at point P3 for compartment 32, point P* 
for compartment 34 and point P5 for compartment 
36. 

35 Alternatively, a prewash compartment can be 

included, as shown in a second embodiment of a 
cuvette 10A illustrated in Figure 6. This ensures 
that all the exit passageways are first filled with 
water, so that upstream compartments will not 

40 backwash into the passageways for downstream 
compartments. Parts similar to those previously 
described, bear the same reference numeral to 
which the distinguishing suffix "A" has been ap- 
pended. 

45 in Figure 6, the very first compartment to be 

encountered by roller 60 can be storage compart- 
ment 61 containing wash water which empties via 
passageway 62 to trunk line 54A. The rest of the 
passageways 44A, 48A, 49A, 50A and 52A all 

50 connect from their respective compartments as de- 
scribed previously. The injection passageway 21 A 
and aperture 22A for compartment 26A are moved 
to the opposite edge of cuvette 10A, because of 
compartment 61. The function of compartment 61 

55 and passageway 62 is to flood all passageways of 
all the compartments with wash water, when the 
roller flattens that compartment. Thereafter, when 
each successive compartment is flattened by the 
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roller, there will be no* opportunity for, say, the 
amplified DNA of compartment 26A to push into 
any of passageways 48A, 49A, 50A or 52A, be- 
cause of the water already there. Such water will 
not adversely affect the transmission of each com- 
partment's contents to the detection compartment 
40. 

Compartment 61 can provide an additional ad- 
vantage of allowing re-constitution of dried reagents 
stored in compartments 32 A, 36 A and 38 A. If the 
light heat seal used (as hereinafter described) to 
close off the exit of each compartment to its re- 
spective passageway is omitted and dried reagents 
are stored in their respective compartments, when 
compartment 61 is pressurized by the roller 60, 
water from compartment 61 will flood the cuvette 
10A and reconstitute the dried reagents stored in 
compartments 32A, 36A, and 38A. Optionally, this 
can be aided by shaking the cuvette. The recon- 
stitution step can occur before or after sample 
injection into the reaction compartment or amplifi- 
cation within the reaction compartment. 

The two embodiments described above feature 
sequential pressurization of each of the compart- 
ments. In addition, simultaneous pressurization of 
all the liquid containing compartments can be used, 
provided that pinch points Pi, P2, P3, P* and P5, in 
Figure 1 , are also used. If pressure is applied to all 
of Pi, P2, P3, P4 and P 5 to close off the exit 
passageways except for passageway 44, pressure 
can be simultaneously applied (for example, by 
appropriately placed air pistons) to all of compart- 
ments 26, 30, 32, 34, 36 and 38. However, since 
only passageway 44 is unblocked, only the am- 
plified DNA will be transferred to the detection 
compartment 40. Thereafter, the pinch points are 
released in sequence. As pinch point Pi is re- 
leased, wash water is allowed into passageway 48, 
and as pinch point P2 is released the detection 
probe from compartment 32 is allowed into pas- 
sageway 49, and so forth until pinch point P5 is 
finally released, allowing the stop solution to enter 
the detection compartment via passageway 54. 
Care should be taken to ensure that the exerted 
pressure is less than the pressure required to burst 
the seams confining the liquid in the respective 
compartments and passageways. 

Detection compartment 40, as shown in Fig- 
ures 1 and 3, is a flow-by compartment comprising 
a detecting member 39 which comprises a support- 
ing sheet 41 on which are disposed piles 43, 43 , 
43", and 43". If the oligo capture jnethod is being 
used, then each pile 43, 43\ 43", and 43'" com- 
prises polymer beads to which the detection 
probes noted above are immovably attached. The 
detection probes are constructed to hybridize with 
the DNA so that it can be detected. Most prefer- 
ably, each bead has a different detection probe for 



a different DNA, so that if enough different piles of 
beads are present, for example, 8 to 10, tissue 
typing can be carried out on the basis of seeing 
which beads change color due to the dye from 
5 compartment 36. It is conventional to use latex 
beads in such an application. 

Sheet 41 is made from a material which will 
bond to the pile of beads, keeping them in place 
once they have been deposited and dried during 
10 manufacturing. Useful examples of materials from 
which sheet 41 could be made include nitrocel- 
lulose, porous nylon membranes such as those 
manufactured by Pall Corp., and most preferably a 
paper coated with latex. An example of such a 
75 latex coated paper comprises a paper weighing 
about 54g/m 2 and having a thickness of about 
0.6mm, with a neutral internal sizing, made from 
about 80% hardwood, can be surface sized and 
then coated with a latex coating at an average of 
20 about 7g/m 2 . The coating is composed of a con- 
ventional industrial grade latex, NaOH at 20 weight 
%, TSPP as a dispersing agent, opacifying agents 
such as silicon dioxide and titanium dioxide, 
hydrasperse clay, and the rest distilled water. 
25 The sheets 12 and 14 are prepared and as- 

sembled as follows: sheet 14 is premolded with the 
compartment indentations formed as shown in Fig- 
ures 1 and 2. With sheet 14 turned upside down, 
the indentations forming cups, reagents can be 
30 then applied, for example dried reagents 28 and 
the liquids that go into compartments 30, 32, 34, 
36 and 38. Next, sheet 12, now an "upper" sheet, 
is superposed while essentially flat, except for the 
mating depression shown at 26 in Figure 2. The 
35 two sheets are then lightly anchored together ar- 
* ound the perimeter of each compartment as shown 
by hatching lines in Figure 1 , except at the junction 
25 of passageway 21 with compartment 26. For 
example, a light heat-sealing will bond the two 
40 plastic sheets together at these portions, including 
the outlet of each compartment to its respective 
exit passageway to provide the temporary seal 56. 
Each temporary seal 56 prevents liquid proceeding 
out of a compartment once it is introduced. How- 
45 ever, this seal 56 is overcome when roller 60 is 
applied. (Such temporary seals appear as a broken 
line at the cross-section of passageways 48, 49, 52 
and 54 as shown in Figure 2, and represent a site 
of separation when liquid is forced out of the com- 
50 partments.) 

Thereafter, a heavy seal, e.g., a heat seal, is 
applied around the circumference of each compart- 
ment and its exit passageway, but not across the 
junction of the passageway to the compartment, 
55 that is the operation of the temporary seal 56 is not 
affected. The heavy seal is also applied to the 
outer periphery 16. The sealing around compart- 
ments ensures that liquid pressed out of the com- 
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partments will flow only along the respective pas- 
sageways and not elsewhere between sheets 12 
and 14. 

When cuvette 10 is used, the patient sample 5 
is injected into compartment 26, as shown in more 
detail in Figure 5, via a pipette 24, at aperture 22. 
This causes depressed portion 26 to "pop out" 
enough to become about flush with the rest of 
sheet 12, shown in phantom in Figure 2 and in 
solid line in Figure 5. 

Alternatively, portion 26' can be forced to "pop 
out" beyond the plane of the rest of sheet 12, to 
form an opposite blister 26", as shown in Figure 
19. Furthermore, as shown in Figure 19, sheets 12 
and 14 need not have any metallic component or 
layer, and can consist entirely of plastic, that is, a 
plastic sheet alone can provide sufficient rates of 
thermal transfer. 

It is essential that aperture 22, as shown in 
Figures 1 and 4, be closable after pipette 24 is 
withdrawn, and prior to the amplification step. This 
can be accomplished by heat-sealing the aperture 
closed, or by stoppering the aperture in a suitable 
fashion, such as by heat-sealing strips 12 and 14 
with the heavy seal, or constructing rim 23 with a 
one-way valve, not shown. If aperture 22 is to be 
heat-sealed, preferably rim 23 is omitted and pi- 
pette 24 is simply pushed directly into the ap- 
erture. Whatever mode of closure is used, it should 
be effective to resist any pressure build-up during 
PCR amplification or during liquid transfer. How- 
ever, heat-sealing is the preferred method. 

As noted above, heating and cooling to provide 
the needed thermal PCR cycling preferably occurs 
by heating one or both strips 12 and 14 at com- 
partment 26. 

When the amplified DNA enters compartment 
40, it is retained there briefly while heat is applied 
through strip 14 to effect hybridization. Preferably, 
strip 14 is transparent at compartment 40 to allow 
transmission of radiation of suitable wavelength, 
e.g., visible wavelengths to allow examination of the 
contents. Compartment 42 can expand to accom- 
modate the liquid influx as well as air influx, since it 
is preferably deflated prior to use. Alternatively, the 
instruments used to process the cuvette can in- 
clude a vacuum plate which pulls compartment 42 
out to its inflated shape when the waste volume is 
needed. 

It is not essential that all compartments 30 to 
38 be sealed off from the atmosphere during and 
after amplification, as shown in the embodiment of 
Figures 7 and 8, provided they are constructed to 
prevent a backwash of amplified DNA from enter- 
ing them. Parts similar to those previously de- 
scribed bear the same reference numeral, to which 
the distinguishing suffix B has been appended. 

Cuvette 10B has all the compartments 26B, 



30B, 32B, 34B, 36B, 38B, 40B, and 42B as before, 
with their passageways interconnecting them so as 
to function as before. However, each and every one 
has a liquid injection aperture 70 at the periphery 

5 16B providing, with connecting passageway 72, a 
fluid path from the atmosphere to the respective 
compartment. In such a construction, only compart- 
ment 26B has liquid in it at the time of DNA 
amplification, namely sample DNA and the am- 

10 plifying reagents. (Its injection aperture 22B is 
closed at this time.) The other compartments can 
be left open, because of the temporary heat seals 
formed at their junction with their exit passage- 
ways. As an additional safeguard, a check valve 80 

75 can be inserted into passageway 54B to prevent a 
backwash of DNA into those compartments. Such a 
valve is conventional, and can comprise, for exam- 
ple, a ball valve comprising a seat 82 and a ball 84 
as shown in Figure 8. The ball 84, when pushed 

20 back upstream, seats on seat 82 to stop flow. Ball 
84 is free, however, to flow downstream and its 
amount of travel is limited by a small stop 86. 

Valve 80 is preferably located in trunk pas- 
sageway 54B, as shown in Figure 7, since this 

25 allows one valve to serve all the storage compart- 
ments, and it is out of the way of path A, that is, it 
does not represent an obstacle to the passage of 
the pressure roller. 

After each storage compartment receives its 

30 appropriate liquid from a pipette (Figure &) and 
before the pressure roller moves down path A, 
each aperture 70 is closed tightly in a manner 
similar to the closure of aperture 22B. Alternatively, 
apertures 70 can be used as a fill technique to pre- 

35 incorporate all the reagents. 

In the remaining embodiments, the means for 
moving the liquids containing, for example, am- 
plified DNA and the detection material, is a piston 
in a piston chamber, instead of a collapsible flexi- 

40 ble wall of the compartments. The piston chamber 
forms the appropriate compartment, and the pis- 
tons are the equivalent of the flexible walls of the 
compartments. The piston-piston chamber arrange- 
ment can also be used for fluidly interconnecting 

45 all the compartments. 

In Figures 9 to 12, a cuvette 100 comprises a 
reaction compartment 126 having a thermal trans- 
fer wall 114, as shown in Figures 10 and 12, a 
detection material storage compartment 132, a 

so wash storage compartment 134, a leuco dye stor- 
age compartment 136, a stop solution storage 
compartment 138, and another wash storage com- 
partment 139. Each compartment 126, 132, 134, 
136, 138, 139 has an associated passageway 144, 

55 149, 150, 152, 154, 156 connected to it Thermal 
transfer wall 114 is preferably constructed as de- 
scribed previously. Each storage compartment 132, 
134, 136, 138, 139 functions as a piston chamber. 
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Mounted within each chamber is a piston 113, 115, 
which is disposed outside of the reagent in the 
compartment that is, along an edge of the cuvette 
100. 

Preferably, the pistons are double-sealing as 
shown, and include means such as a slot (not 
shown) for positively engaging a driver actuator for 
that compartment (not shown). 

Passageways 149 and 150 are connected to- 
gether to form passageway 151, as shown in Fig- 
ures 9 and 12. This passageway 151 connects with 
reaction compartment 126. A DNA sample is fed to 
the reaction compartment 126 via passageway 121 
from liquid ingress aperture 122. This aperture is 
provided with an exterior shoulder 123, see Figure 
9. 

Passageways 152, 154 and 156 join together, 
as shown in Figure 12, to form passageway 155 
into which passageway 144 feeds from compart- 
ment 126, see Figure 9. Passageway 155 then 
branches to form passageway 157 which leads to 
compartment 140, and a vent passageway which 
exits at 159 within shoulder 123. Shoulder 123 is 
internally threaded (not shown) to receive an exter- 
nally threaded stopper (also not shown). The in- 
gress aperture 1 22 and vent aperture 1 59 can both 
be sealed off by the stopper. 

Since there is no flexible wall for expansion, a 
separate piston 184 and piston chamber 182 are 
provided to allow air expansion from detection 
compartment 140. This piston-piston chamber ar- 
rangement 184, 182 is shown in Figures 9, 11 and 
12. Chamber 182 is connected via passageway 185 
to the bottom of compartment 140. This can be 
done by manually withdrawing piston 184 within its 
chamber. A stem 187 can project from piston 184 
for assisting in withdrawal of that piston. 

Referring in particular to Figure 9, flow-through 
detection compartment 140 has an upper portion 
190, into which liquid first enters as it is transferred 
from other compartments, and a lower portion 192, 
as shown more clearly in Figure 1 0, separated from 
the upper portion by a permeable membrane 194. 
Lower portion 192 is substantially filled by an ab- 
sorbent member 196, which is intended to absorb 
all the excess liquid which enters compartment 
140. Membrane 194 is preferably a cast, woven or 
electroopticaliy machined, microfiltration mem- 
brane. Any suitable material can be used for absor- 
bent member 196, for example, cellulose acetate. 

Membrane 194 functions to aid in separation of 
free, unreacted detection label, from those 
hybridized to the DNA. The detection probes in 
compartment 132 are designed both to hydridize 
onto amplified DNA in compartment 126, and to 
attach to membrane 194 (or to beads which are 
trapped by the membrane) once the liquid reaches 
compartment 1 40. Such probes also include a label 



such as horseradish peroxidase, which reacts with 
the ieuco dye and peroxide when those materials 
reach compartment 140. 

Filling of compartments 132, 134, 136 and 138 
5 can be achieved by adding liquid and then insert- 
ing the pistons. Alternatively, prepackaged ampules 
(not shown) can be inserted, followed by the pis- 
tons, the ampules being frangible so that as pres- 
sure is applied by the piston, the ampule breaks 
10 open to release the liquid. 

Transfer of liquid in cuvette 100 is controlled 
by the pistons 113, 115, and 184, piston 184 being 
used to create the vacuum which allows the other 
pistons to advance. 
15 Alternatively (not shown), an additional com- 

partment and associated piston can be included to 
feed additional enzyme into compartment 126, so 
that any deactivation of enzyme by the denaturing 
step can be countered by the addition of more 
20 enzyme. 

Use of cuvette 100 is as foilows:- 
The pistons 113, 115, 184 start in the positions 
as shown in Figure 9. Sample DNA is introduced 
via a pipette at aperture 122, and passes through 
25 passageway 121 into compartment 126. In com- 
partment 126, the amplification reagents may al- 
ready be present, or they may be co-introduced 
with the DNA. The vent aperture 159 and passage- 
way 155 allow the air in compartment 126 to be 
30 pushed out by the advancing liquid. A stopper is 
then inserted into shoulder 123, sealing off ap- 
ertures 122 and 159. Thermal cycling is carried out 
on compartment 126, using thermal transfer wall 
114, until the desired DNA amplification is 
35 achieved. Up until this point, the pistons have not 
• been moved. 

Next, piston 113 of compartment 132 is ad- 
vanced to push the detection material stored in 
compartment 132 into compartment 126. In the 
40 case of the avidin-bead capture method, the con- 
tents of compartment 126 preferably include poly- 
mer beads to which is bound a biotinylated primer 
capable of extending with the amplified DNA in an 
annealing step, the primer being bound via avidin, 
45 to copy the amplified DNA. The compartment 126 
also includes a detection probe, that is, a 
nucleotide constructed to hybridize with the ex- 
tended primer attached to a moiety such as hor- 
seradish peroxidase. Some wash solution from 
50 compartment 134 can be pushed in by piston 115 
to insure all of the detection reagents are present 
in compartment 126, if desired. Mixing can then be 
achieved by agitating the entire cuvette by any 
conventional means. The detection probes are then 
55 hydridized to the amplified DNA in compartment 
126 by applying thermal control in conventional 
steps, through thermal transfer wall 114, for exam- 
ple, by heating at 42' C for five minutes. 
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Next, additional wash solution is pushed in 
from compartment 134, to wash the hybridized 
liquid from compartment 126 to detection compart- 
ment 140. Piston 115 is also advanced to push 
wash from compartment 139 through passageway 
156 and 155 to wash any hybridized liquid still 
remaining in passageway 155, into compartment 
140, thus isolating any remaining hybridized liquid 
in passageway 144 from the leuco dye which is to 
follow. Enough wash solution is passed through 
compartments 126 and 140 to insure that all ma- 
terial, such as free detection probes not bound to 
the trapping means, passes through membrane 
194 and into absorbent member 196. It is for this 
wash step, primarily, that piston 184 needs to be 
withdrawn to prevent back pressure resisting the 
transfer of liquid from compartment 126 to com- 
partment 140. 

Next, first the leuco dye of compartment 136 
and then the stop solution of compartment 138 are 
advanced into passageways 155 and 157 and then 
into compartment 140. This is achieved by advan- 
cing their respective pistons 113. This will cause 
appropriate dye formation at membrane 194 if the 
amplified DNA is present. (If it is not present, since 
all free detection material has already washed 
through into absorbent member 196, no color will 
form and the test will indicate "negative".) 

It is not essential that a separate detection 
compartment be present in order to have a detec- 
tion site. As is explained regarding the next em- 
bodiment, the detection site can be in the reaction 
compartment itself. Parts similar to these previous- 
ly described bear the same reference numeral, to 
which the distinguishing suffix "C" is appended. 

In Figure 13, cuvette 100C has compartments 
126C, 132C, 134C. 136C, 138C and their passage- 
ways leading to and from each other and from 
ingress aperture 122C as before. Pistons 113C, 
115C and 184C are used to transfer liquid as 
before, after the DNA amplification as described 
earlier. However, in this embodiment, compartment 
132C includes as detection reagents, magnetic 
beads formed from polymers containing magnetic 
fillers, to which have been bonded the hydridizing 
material with matching DNA sequences. This is 
intended to hybridize to one end, for example, of 
the amplified DNA. The other end of that amplified 
DNA is intended to hybridize to a detection probe 
bearing the horseradish peroxidase, as described 
above. 

In this embodiment, separation of the free de- 
tection probes not yet hybridized to DNA, from 
those which are, is achieved as follows:- 

When wash solution is infected from compart- 
ment 134C, a magnetic field is supplied below 
compartment 126C, to retain the bead reagents 
and any detection probe hydridized to an amplified 



DNA. This causes free detection probes and their 
labels to be washed out of compartment 126C and 
into chamber 182C, in which piston 184C has been 
withdrawn to make room. The magnetic field is 

5 further maintained while the leuco dye and the stop 
liquids are transferred into the reaction compart- 
ment 126C, causing color to form there if any 
amplified DNA is present. 

Another alternative to the cuvette described 

w with reference to Figures 8 to 12 is to extend the 
compartments 132, 134, 136, 138, 182, or their "C" 
counterparts (as described with reference to Figure 
13), so that they project 90° out of the plane of 
Figure 8 (not shown) giving an L-shape to the 

rs cuvette. Such an arrangement has the advantages 
of simplifying mold design and fabrication. 

It is possible to extract DNA from cells within 
the cuvette of the invention, instead of at a stage 
prior to the use of the cuvette. In such a case, the 

20 cuvette is preferably constructed as shown in Fig- 
ure 14. Parts similar to those previously described 
bear the same reference numeral, to which the 
distinguishing suffix "D" is applied. 

Cuvette 100D has the same compartments 

25 126D, 132D, 134D, 136D and 138D as before, with 
pistons 11 3D being used in the storage compart- 
ments. Shoulder 123D protects liquid ingress ap- 
erture 122D, and detection is done at a membrane 
(not shown), all as discussed before. However, pas- 

30 sageway 121 D, instead of delivering the pipetted 
liquid sample direct to the reaction compartment 
126D, it delivers it to an extraction compartment 
200. The liquid sample in this case is whole blood 
or a solution of blood cells, from which the DNA is 

35 to be extracted. At the time this liquid sample is 
added to the cuvette, extracting agents discussed 
below can be optionally added. Alternatively, they 
can be pre-incorporated into compartment 200. 
A piston 11 3D is used in compartment 200, as 

40 with the other similar compartments, except that it 
is fully withdrawn, as shown, to provide maximum 
room for the introduced sample. Passageway 121D 
enters compartment 200 at a point 201 just below 
piston 11 3D. 

45 At the opposite end 202 of compartment 200, a 

passageway 204 fluidiy connects to an intermedi- 
ate compartment 206, in which is disposed a filter 
208 which the liquid must traverse, in order to 
reach compartment 126D. Filter 208 has pore sizes 

so adequate to retain cellular fragments in the filter 
and to pass extracted DNA. For example, a filter 
made of nylon or polypropylene with pore sizes of 
about 0.45 microns is particularly useful. 

From compartment 206, a passageway 210 

55 carries extracted DNA and solvent (e.g., water) into 
compartment 1 26D. 

In use, the liquid sample is injected into com- 
partment 200, preferably along with extraction 
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agents, if any. Any DNA extraction protocol can be 
used, along with concommitant extraction agents, 
such as surfactants. Highly preferred is a simple 
heating of the solution to a temperature of about 
95° C for about 5 minutes. Such heating is effective 
to denature the proteins and lyse the cells. As aids 
in this extraction method, dextran can be optionally 
added as a 3 wt % solution, along with a 10 wt % 
solution of TX-100, which is a non-ionic surfactant 
available from Rohm and Haas. The heating of 
compartment 200 can be more rapidly achieved by 
constructing at least a portion 220 of the wall of the 
compartment from aluminium. The aluminium ex- 
tends to the bottom exterior of the cuvette (not 
shown as a separate surface), and the application 
of heat to this region of the cuvette adjacent com- 
partment 200 is thus effective to heat compartment 
200. 

After a suitable incubation period, the contents 
of compartment 200 are pushed to filter 208 by 
advancing piston 11 3D. 

In some instances, it may be desirable to have 
a positive and a negative control in the detection 
compartment, along with the detection site for the 
DNA of choice. Figures 15 and 16 are illustrative of 
a modification which provides this. Parts similar to 
those previously described bear the same refer- 
ence numeral, to which the distinguishing suffix 
"E" is applied. 

In Figure 15, a cuvette 100E has compartments 
126E, 136E, 138E and 182E as before, with appro- 
priate pistons 184E, etc. A passageway 121E car- 
ries liquid sample from aperture 122E to reaction 
compartment 126E, and passageway 151E also 
feeds liquid to that compartment. Biotinylated prim- 
ers are delivered from a suitable location, and 
leuco dye and stop solution are delivered via pas- 
sageways 155E and 157E to the detection site. 
Passageway 144E provides access of the DNA 
product produced in compartment 126E, to those 
passageways 155E and 157E. Liquid coming from 
passageway 157E encounters a detection mem- 
brane 194E disposed in contact with absorbent 
member 196E, as shown in Figure 16, This is as 
described with reference to the previous embodi- 
ments. 

However, unlike previous embodiments, there 
are separate regions at membrane 194E for the 
sample DNA detection, labeled "S"; for a positive 
control, labeled " + "; and for a negative control, 
labeled "-", as shown in Figure 15. The purpose of 
the positive control is to ensure that the reagents 
will produce a signal for DNA (preferably a color), if 
the DNA is present. This alerts the user if the 
reagents are defective in any way by failing to 
produce a signal at the " + " region. The negative 
control on the other hand should not produce a 
signal. The primary purpose of the negative control 



is to give the user a background color against 
which the sample color is to be compared. For 
example, a faint background color may occur in the 
reagents for extraneous reasons, and it is important 

5 that the sample color be significantly greater in 
density than this, before a "positive" read is attrib- 
uted to the test. 

There are several ways in which this can be 
done. In the embodiment of Figures 15 and 16, the 

70 method used is the avidin-bead capture. This 
method features the use of avidin or streptavidin 
covalently attached to beads, biotinylated primers, 
and labeled detection probes as part of the detec- 
tion material. Preferably at least the probes are 

75 kept in storage compartments 250, 252 and 254. 
Each compartment is dedicated to a single type of 
detection probe. Compartment 250 has the sample 
DNA probes, 252 the negative control probes, and 
254 the positive control probes. Pistons 260 are 

20 used to pressurize their respective compartments, 
preferably simultaneously, to force the contents out 
through respective passageways 262, 264 and 266 
into the detection compartment 268, 270 and 272 
associated with each probe and each probe pas- 

25 sageway. In this way, each detection compartment 
has only its probe in it, and none of the other two. 

To feed amplified DNA and other reagents to 
all three detection compartments, passageway 
157E preferably splits into three branches 274, 

30 276, and 278 which connect with the respective 
detection compartments 268. 270, 272. 

It will be readily appreciated that two of the 
three probes have a genetic material which is com- 
plementary to the appropriate DNA. The probe for 

35 the sample has a genetic complement to the tar- 
geted DNA of the sample. The positive probe has a 
genetic complement for a DNA material which is 
always present, which at least in the case of blood 
cells, is preferably beta-globin. The negative probe 

40 has a genetic complement which matches no 
known amplified DNA from the sample. This is 
done most easily by constructing the probe com- 
plement with any genetic code which is random in 
sequence, hence a "nonsense" code. 

45 As will be apparent, the process works as 

follows:- 

The avidin-bearing beads are preferably stored 
with the probes in compartments 250, 252 and 254. 
As amplified DNA is supplied via passageways 

so 274, 276 and 278 to the respective detection com- 
partments, pistons 260 are advanced to push the 
appropriate probes and beads into those detection 
compartments. Those compartments are appropri- 
ately heated to cause the amplified DNA to hy- 

55 bridize specifically in compartments 268 and 272 
to the appropriate probe from compartments 250 
and 254. Preferably, no hybridization occurs in 
detection compartment 270, since there should be 
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no "nonsense" DNA present to react with the nega- 
tive control probe. Wash solution is then pushed 
through the detection compartments to wash any 
labeled probes not hybridized and thus not at- 
tached to beads into the absorbent member 196E 
through membrane 194E. The wash is followed by 
contact with the leuco dye solution, and then con- 
tact with the stop solution. 

Another method which can be used is the so- 
called oligo capture technique. In this technique, as 
shown in Figures 17 and 18, the labeled probes are 
stored in immobilized form, already on the detec- 
tion membrane prior to the introduction of amplified 
DNA. Parts similar to those previously described 
bear the same reference numeral, to which the 
distinguishing suffix "F" is appended. 

The oligo capture method used in this embodi- 
ment features probes immobilized either on the 
membrane, or on the above-mentioned beads 
which are trapped on or in the membrane, such 
probes containing genetic material which is com- 
plementary to the appropriate DNA. In another 
compartment (139F), labeled avidin for reaction 
with biotin on the amplified DNA is stored for which 
the label can be, for example, horseradish perox- 
idase. 

In Figures 17 and 18, cuvette 100F is identical 
to that of the embodiment of Figure 9, namely 
cuvette 100 except for the detection compartment 
190F and what is stored in storage-compartment 
139F. More specifically, the sample DNA probe is 
immobilized on portion "S" of membrane 194F, the 
positive control probe is immobilized on portion 
" + ", and the negative control probe is immobilized 
on portion "-". Each portion of membrane 194F 
bearing such probes is preferably not in contact 
with the other portions. 

The procedure in this case is to force amplified 
DNA via passageway 157F into detection compart- 
ment 190F, to flow over the entire surface of mem- 
brane 194F. Appropriate heating causes amplified 
target DNA to hybridize specifically and thus attach 
to the probe in the "S" area, the ubiquitous DNA to 
attach to the probe in the " + " area, and preferably 
nothing to hybridize at the "-" area. A wash solu- 
tion is forced into compartment 190F, e.g. from 
139F or elsewhere, followed by avidin-label, which 
then reacts with the biotinylated product now 
hybridized to either the amplified target DNA or the 
positive control DNA. A wash solution is then ad- 
ded, followed by leuco dye and stop solution. 



Claims 

1. A disposable cuvette (10; 10A; 10B; 100; 
100C; 100D; 100E; 100F) for carrying out amplifica- 
tion and detection of nucleic acid material compris- 



ing: 

a first compartment (40; 40A; 40B; 126C); 

a plurality of further compartments (26, 30, 32, 34, 

36, 38, 42; 61 , 26A, 30A, 38A; 26B, 30B, 32B, 34B, 

5 36B, 38B, 42B; 126, 132, 134, 136, 138, 139, 140, 
182; 132C, 134C, 136C, 138C; 126D, 132D, 134D, 
138D; 126E, 136E, 138E, 182E, 250, 252, 254), at 
least one of the further compartments containing 
material to amplify and detect nucleic acid material; 

w fluid connection means (44, 48, 49, 50, 52, 54; 62, 
44A, 48A, 49A, 50A, 52A, 54A; 54B; 144, 149, 150, 
151, 152, 154, 155, 156, 157, 185; 144E, 151E, 
157E, 262, 264, 266; 157F) for connecting at least 
one of the further compartments with the- first com- 

75 partment (40; 40A; 40B; 126C) so that the material 
retained in the at least one further compartment is 
transferable to the first compartment (40; 40A; 40B; 
126C) when pressure is applied to the material 
retained in that compartment; 

20 a detection site (39; 190; 190F) for immobilizing the 
nucleic acid material for detection after amplifica- 
tion; and 

thermal transfer means for allowing active or pas- 
sive cycling of material in the cuvette; 

25 characterized in that the first compartment (40; 
40A; 40B; 126C) and the detection site (39; 190; 
190F) are closed to fluid flow to locations outside 
of the cuvette so that aerosols are not emitted 
during amplification and detection. 

30 2. A cuvette according to claim 1 , wherein the 

thermal transfer means comprises a wall of the first 
compartment (40; 40A; 40B; 126C) which is made 
from a heat transferable material. 

3. A cuvette according to claim 2, wherein the 
35 heat transfer wall has a thermal path length of no 

more than about 0.3mm and a thermal resistance 
of no more than about 5.0° C/W. 

4. A cuvette according to any one of the pre- 
ceding claims, wherein at least one wail of the at 

40 least one further compartment is sufficiently flexible 
as to allow external pressure to compress the com- 
partment and to effect transfer of material therein 
to the first compartment (40; 40A; 40B; 126C). 

5. A cuvette according to claim 4, wherein the 
45 further compartments (26, 30, 32, 34, 36, 38, 42; 

61, 26A, 30A, 38A; 26B, 30B, 32B, 34B, 36B, 38B, 
42B) and their fluid connection means (44, 48, 49, 
50, 52, 54; 62, 44A, 48A, 49A, 50A, 52A, 54A; 54B) 
are disposed so that material retained in each 
50 compartment can be forced out in a prescribed 
sequence by applying external pressure linearly 
along the outside surfaces of the cuvette. 

6. A cuvette according to claim 4 or 5, wherein 
external pressure is applied by roller means (60) 

55 which advances over an external surface of the 
cuvette. 

7. A cuvette according to any one of claims 4 
to 6, wherein one of the further compartments (61) 
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contains water and is fluidly connected to all of the 
other further compartments (26A, 30A, 38A), this 
one compartment being positioned so as to be the 
first to be pressurized. 

8. A cuvette according to any one of claims 1 
to 3, wherein one of the further compartments is a 
reaction compartment (26; 26A; 26B; 126; 126C; 
126D; 126E) into which the nucleic acid material is 
introduced. 

9. A cuvette according to claim 8, wherein the 
reaction compartment (26; 26A; 26B; 126; 126C; 
126D; 126E) has unreacted amplifying agents (28) 
pre-incorporated therein. 

10. A cuvette according to claim 9, wherein the 
unreacted amplifying agents are polymerase en- 
zyme, primer nucleic acids and nucleotides. 

1 1 . A cuvette according to claim 9, wherein the 
unreacted amplifying agents are TAQ polymerase, 
primer nucleic acids and nucleotides. 

12. A cuvette according to any one of claims 1 
to 7, further including pressurizing means for pres- 
surizing the material retained in the at least one 
further compartment to effect transfer of material to 
the first compartment. 

13. A cuvette according to claim 12, wherein 
the pressurizing means includes a first piston-cyl- 
inder arrangement (113, 115) housed within the at 
least one further compartment. 

14. A cuvette according to claim 12 or 13, 
wherein the pressurizing means includes a second 
piston-cylinder arrangement (182, 184; 182C, 184C; 
182E, 184E) which is fluidly connected to the first 
compartment (140; 126C) so that when the second 
piston (184; 184C; 184E) is withdrawn in its cyl- 
inder, it relieves pressure in the first compartment. 

15. A cuvette according to any one of claims 
12 to 14, wherein one of the further compartments 
is a reaction compartment (126D) into which the 
nucleic acid material is introduced, the cuvette 
further including an extraction compartment (200) 
positioned fluidly upstream of the reaction compart- 
ment (126D), and a filter (208) interposed in the 
fluid path from the extraction compartment (200) to 
the reaction compartment (126D), the extraction 
compartment (200) enabling DNA to be separated 
from at least blood cells, cellular fragments being 
separated from the DNA by the filter (208) so that 
only the DNA proceeds to the reaction compart- 
ment (126D). 

16. A cuvette according to any one of the 
preceding claims, wherein the detection site (39; 
190; 190F) includes a probe containing genetic 
material which is complementary to a DNA ma- 
terial, and therefore hydridizes with that DNA ma- 
terial when appropriately heated. 

17. A cuvette according to claim 16, wherein 
the detection site further includes a positive control 
probe containing genetic material which is com- 



plementary to an amplified DNA always present in 
a blood sample. 

18. A cuvette according to claim 17, wherein 
the positive control probe genetic material is com- 

5 plementary to beta-globin. 

19. A cuvette according to claim 17 or 18, 
wherein the positive control probe is immobilized 
on a portion of the detection site, in the absence of 
amplified DNA. 

10 20. A cuvette according to any one of claims 
16 to 19, wherein the detection site further includes 
a negative control probe containing genetic ma- 
terial which is not complementary to any DNA 
expected to be present after amplification of a 

75 blood sample. 

21. A cuvette according to claim 20, wherein 
the negative control probe is immobilized on a 
portion of the detection site, in the absence of 
amplified DNA. 

20 22. A cuvette according to claim 20 or 21, 

wherein the positive control and the negative con- 
trol probes are immobilized on a portion of the 
detection site in the absence of any amplified DNA, 
each of the immobilized site portions being sub- 

25 stantially free of the other control probe. 

23. A cuvette according to any one of the 
preceding claims, wherein the detection site (39) 
comprises a supporting sheet (41) on which are 
disposed a plurality of piles (43, 43', 43 , 43 ), 

30 each pile comprising a polymer bead to which is 
attached a DNA probe. 

24. A cuvette according to any one of claims 1 
to 22, wherein the detection site (39) comprises a 
supporting sheet (41) on which are disposed a 

35 plurality of piles (43, 43', 43", 43"'), each pile com- 
prising a polymer bead to which is attached avidin. 

25. A cuvette according to any one of the 
claims 16 to 22, wherein the detection site is in the 
first compartment (126C), and material for detect- 

40 ing the nucleic acid material includes a bead com- 
prising magnetizable material. 

26. Apparatus for amplifying and detecting 
DNA including a cuvette according to any one of 
the preceding claims. 

45 27. Apparatus for amplifying and detecting 

DNA, comprising 

a cuvette containing i) a plurality of compartments 
and means for interconnecting each of them to at 
least one other compartment, the compartments 

50 including a) at least one reaction compartment for 
amplifying DNA strands, b) at least one detection 
compartment for detecting amplified DNA and in- 
cluding a detection site, and c) means for de- 
livering a detection material to amplified DNA 

55 strands; 

ii) means for permitting active or passive cycling of 
the contents of the reaction compartment through a 
temperature range of from about 30° C to about 
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95°C;and 

iii) liquid access means connected only to the at 
least one reaction compartment for allowing the 
injection into the reaction compartment of a sample 
DNA for amplifying; 

characterized in that the cuvette further includes 

iv) means for sealing the cuvette against passage 
of DNA after sample DNA is injected; 

and the apparatus further includes means for mov- 
ing at least the detection material and a DNA 
strand into the detection compartment and onto the 
detection site; 

so that once a DNA sample is injected into the 
compartments and the access aperture is closed, 
the fluid contents of the compartments are con- 
tained against contact by the operator and environ- 
ment during the entire amplification and detection 
reaction. 

28. A method for amplifying and detecting nu- 
cleic acid material in a closed cuvette comprising 
the steps of 

a) injecting a sample of nucleic acid material 
into a cuvette which comprises a plurality of com- 
partments including a reaction compartment 
wherein amplifying reagents are present, and a 
storage compartment for use with a detection ma- 
terial, at least one of the compartments including a 
detection site, and means for interconnecting the 
compartments to provide fluid transfer; 

b) closing off permanently the portions of the 
cuvette containing the nucleic acid material to lock 
all nucleic acid into the cuvette; 

c) amplifying the nucleic acid material by 
cycling the cuvette through temperature changes 
preselected to cause the reagents to be effective; 

d) fluidly transferring amplified nucleic acid 
material from the reaction compartment to the de- 
tection site; 

e) fluidly transferring detection material to 
the detection site; and 

f) detecting the amplified nucleic acid ma- 
terial at the detection site with the detection ma- 
terial, the nucleic acid material remaining confined 
within the cuvette. 

29. A method according to claim 28, wherein 
the step c) includes the further step of transferring 
heat across a major wall of the reaction compart- 
ment, both into and out of the compartment, the 
major wall comprising at least one thermally con- 
ductive material. 

30. A method according to claim 29, wherein 
the major wall has a thermal path length of no 
more than about 0.3 mm and a thermal resistance 
of no more than about 5.0 * C/watt. 

31. A method according to any one of claims 
28 to 30, wherein the cuvette further includes a first 
piston-cylinder arrangement in one of the compart- 
ments which is fluidly connected with the reaction 



compartment so that the advance of the piston in 
the compartment causes pressure to be increased 
in the reaction compartment, and a second piston- 
cylinder arrangement in another of the compart- 

5 ments which is fluidly connected to the detection 
site so that when the second piston is withdrawn in 
its cylinder, it relieves pressure at the detection site 
and the step d) comprises the step of advancing 
the first piston while withdrawing the second piston. 

10 32. A method according to any one of claims 

28 to 30, wherein at least one wall of the compart- 
ments is sufficiently flexible as to allow external 
pressure to compress the compartments to force 
liquid transfer out of the compartments, and 

15 wherein the step d) comprises the step of applying 
exterior pressure to the flexible walls of the com- 
partments in a prescribed sequence. 

33. A method according to any one of claims 
28 to 30, wherein the detection reagents include a 

20 bead comprising a magnetizable material and 
wherein the steps d) - f) comprise transfer of the 
beads to the reaction compartment, attaching the 
beads to the amplified nucleic acid material, attach- 
ing the detection material to the amplified material, 

25 and washing away unattached detection material in 
the present of a magnetic field that retains the 
beads and attached detection material within the 
reaction compartment. 

34. A method according to any one of claims 
30 28 to 30, wherein the steps d) and e) occur se- 
quentially by pressurizing first the reaction com- 
partment and thereafter a storage compartment 

35. A method according to any one of claims 
28 to 30, wherein the steps d) and e) occur by 

35 pressurizing the storage compartment and the re- 
action compartment simultaneously, and retarding 
the flow of detection material until amplified nucleic 
acid material has been transferred. 

36. A method according to any one of claims 
40 28 to 30, and further including as a step prior to 

the step e), the step of reconstituting detection 
material deposited in dried form in a storage com- 
partment, by transferring pre-incorporated water to 
the dried material from a storage compartment. 

45 37. A method according to any one of claims 

28 to 31, wherein step a) comprises the step of 
injecting at least blood cells and optional DNA 
extraction agents into a predetermined one of the 
compartments to form a solution; 

so and before step c), further including the steps of: 

i) extracting DNA from the cells in the pre- 
determined compartment; and 

ii) after a suitable incubation period, forcing 
the solution of extracted DNA and cell fragments 

55 through a filter disposed between the predeter- 
mined one compartment and the reaction compart- 
ment, the filter being sized to retain cellular frag- 
ments and to pass DNA. 
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